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| Knowledge of the Duration of Solar Eclipſes, 
aud eſpecially of Total Darkneſs. wy 
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From the mean;Matioftofthelfpoges—13 39 34 
Subſtract that of che Moon in thekclipt.- 10 48 6 
| Remains. — (29,9) wan ares mode os 1 28 
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To the mean Motion of the Moon 1 48 6 


Add that of the Node — . —11 18 43 38 
14 29 31 44 


IX. 3 J mu 

Whence ix appear 1 of the 
mean Motions of the Apogee and of the Nodes 
from that of the Moon her ſelf in the Ecliptick, 
in ſuch a. PEtiad, is but ſtsh ot mate in the 
former Caſe than 20 51! 28 / = 29,9, nor in the 
latter than 28! 16/b = O 47. Whence alſo itap- 
pears that theLuna Apogee qoes in every ſuch Cycle 
differ but er of the entire IÞ.ttexence-2{9) 180(62. 
That th Lunar Node only differs in that Cycle 
37; of the entire Differetce c 47) 180 (383. 
And that the Anomaly- of the Sun it ſelf differs 
only tren of the entite AMomalya 40 8)180{16, 6. 
Which Qantities being generally ſmall, cannot 
occaſion any great Inequality in the Times and 
Circumſtances of New and Full Moons, or of 
Ecliphs; nor hꝗꝭ conſequence greatly diſturb the 
regular Succeſſion of the ſame in any ſingle Pe- 
riod ; nor indeed very greatly in ſeveral ſucceſſive 
Periods ; For fince the mean Motion of the 
Moon fram the Sum is within a very {mall Matter 


ever certain and inwariable, that Revolution is 


always juſt ; and always detemines the mean 
Time of all Conjunctions, Oppdfitions, and E- 
clipſes- rightly ; and ſince the other Anomalies 
are but ſmall, and always come right again in 
Length-ef Time, they eannot ever produce any 
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very great Anomhalies in oor Calculations from 
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— the ken de ka e 
He calls that Period: by 
Sum. Let che Chad never; that we 
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'Tears 1 wich Peried glows: 
the Amediluvan Reigns are determims both 
dem and Beroſut themſelves from the gel. 
enteſt Retords of that Kingdom See my New 
Theory, che later Bäitions; Hypoth. X. Lem to 
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(1) here Obſerve; that-Rnce the H- 
mit fer Ectipſes of the Mood is about 11 on 
700! oh Side of the Node; à is ne 
for Edipſes of the Sun, about 67 400 08 
If we. dwide Joo nbe r Uf the Moon's E- 
clipſes g by ns / 168 899 Which is the Dit. 
ſerente between the Rep 2 tke 
Sim und uf — — given; we ſhall tave 
nearly Twenty Fire for the Number of oO 
Sens Ae Central! Lunar Echpfe ia one 
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the ſame Number 283, we ſhall 


[D670 
of..the- Nodes, Tetbeonthe Moon goes off the 
Shadow * ———— 
and 450 Years (25 * 18 = gyo, ) or double 
that Number 900 Years for the Time that the 
Moon begins to enter the ad Limit on 
one Side till it goes out of it on che other. 
Daring which long Inter al there will, ill, -be 
Eclipſes of the Moon each Period. And if we 
divide 1006'-the; Limit of the 


8 "by 
— — 


35 ſor the Number ef - Petiods after 4 Solar 
Cenual Eclipſe at the Middle of the; Earth, 
in one of the Modes, before the Pequmtibriiogoes 
off the Arch or th Fats off the/Diſk:of tie 
entirely at:thee ſame Time; i e. 630 Yeats. 


| 25 * 18. = 639;) or dauble chat Numibet x260 


rom the Time that the Moon in any ſuch 
f 1203 begins t enter the Ecliptick Limit: n 
one Side, till it goes out ef on the other: Bu. 
kn which longer Interval there will ſtill be 
; — ire of. the Sun each Period. A- 


ich reſpective long Intervals of Time there 
be m0. __ — — 
— 


(2.) Since the utmolt Latitude of the Moon 
that can any Lunar „is about 62, 
and the e ed Lititade that can permit a 
Solar Eclipſe: is about 921: F we divide) the 


_ firſt Numbercby 25, or the laſt byi35/, the 


lumbers of Revolutions for — eech 
Limits, we ſhall have abbut 26 8 204 76% 7 
for the mean Alteration of! the Moon's] titude 
in each ſingle Period all along; and this both 
for. Solar — Lunar Eclipſes. WhichLatitude will 


be Sauth during the one half ef the long Perieil 
of the Ecliptick Limits before · mentioned z and 
- Nortb during the ather half: — 
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| Na anſwer in each 
Cycle one with another, to the Differences of thoſe 
mean Anomalies during tuat Interval; which in 
the Sun comes 0 365 ou of its entire Ano- 
maly. And in the Moon to 2:4 or 4% of its en- 
tire Anomaly. - And: finge the whole mean Excen- 
tricity of the Moen is ſdmewhat above three 
Times as great as that of the Sun, or as A to 
7575, The Differences of the Sun's Diſtances 
and Diameters will. be hut: à little greater in each 
Period one with: another; than thoſe of the 

t 72 Al | 


Moon. : 
re the Anomalies of the 
Sun and Moon arg of the ſame Species; I mean 
both aſcending, as: deſcending ; their Di- 
ſtances and Diameersiwilh one with another, in- 
creaſe or decreaſe t in the ſame Proportion; 
and the Quantity 4nd Huratlon of total Darkneſs 
will alter but little in ſuch à Period. But when 
thoſe Anomalies are of thecontrary Species; that 
is, the one aſcending while the other deſcends; 
they will alter cohfiderqbly. So that if the Sun 
be deſcending, and its apparent Diameter In- 
creaſing; while the Moon is aſcending, and its 
apparent DianetennDaneding, the Eclipſe of the 
Sun will, each ſucceeding'Cycle, afford a ſmaller 
total Shadow; till at 1 * aftord no total Sha- 
Ta TAE 
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dow at all; but the Edlipſes become Annu/ar. 
And if the Sun be Aſcending while the Moon is 
Deſcending, the contrary will happen; and the 
rotal Shadow grow greater perpetually. From which 
Circumſtances of the Sun and Moon in each Re- 
volution of the Cycle duly conſidered , we may 
nearly determine whether any ſucceeding - corre- 
ſpondent Eclipſe will afford us a greater or le 
rotal Shadow, or whether the Ecliples will be on- 
ly Annular. REES 
(5) From the like Circumſtances we may alſo 
nearly determine whether ſuch Eclipſes will come 
ſomewhat ſooner or later, than that of the mean 
Revolution of the Period before us. For if the 
Earth be much nearer its Aphelion, than the 
Moon its Apegæon, at the end of any Cycle; 
and by conſequence if the Earth then revolve com : 

ratively ſlower , and the Moog fiwifter than or- 
linary'; the meeting of the Luminaries will be 


accelerated. And if the Earth be much remoter 


from its Aphelion than the Moon from its Apo- 
gzon, the contrary will happen; and the Moon 
will be later than ordinary e'er it overtake the 
Sun. So that in the former Caſe the Eclipſe will 
come a little before and in the latter a little after 
the proper Conclufion of that Period, © 
(6.) Since rhe Motion of the Node backward 
in one of theſe Periods does not quite reach to 
the Con junction or Oppoſition, chat Node muſt 
every Cycle go forward, with reſpe& ro the L- 
nations and Eclipſes; and at the aſcending * 
the Moon will paſs more Sozrbward, and at the 
deſcending Node more Nort1bhward ſucceſſively. . 
Thus at the Solar Eclipſe May 1. 1706. the Moon, 
near its aſcending Node, had greater Northern 
Latitude than it will have at the next cotreſpond- 
ing Solar Eclipſe, May = 1724. And thus at 


the 


from the Earth Eight ** after the 


1163 

the total Solar Eclipſe, April 22. 1715, the Moon 
near its deſcending Node, had leſs Northern La- 
titude than it will have at its correſponding great 
Eclipſe, May 2.1733 _ N | 
.) Since the Motion of the Moon's Apogee 
forward is rower in one of theſe Periods than 
that of the Lunations , that mult alſo 
forward every Cycle: And if at any one 


Eclipſe that Apogee be in quadrature with the 


Sun, after it had been in Con ſunction, the Moon 
will the next Period deſcend by going backward 
in its Eclipſes, towards the Perigee. And if at any 
one ſuch Apogee ir be in the quadrature, after it 
had been in Oppoſition, it will the next Cycle af- 
only.” The Reverſe of all which is true in Lunar 
ipſes. 
.) The Place and Motion of the Sun in its 
Elli pſis is fo eafily known, and that for many 
Ages, by bare — and Reflection, that a 
few Words will ſuffice. The Sun is now fartheſt 
longeſt 
ight Days after the 


Day; and neareſt to it 

teſt ; And its Motion about 1 Degree in 72 
Years. Whence it is evident, that it has, for all 
the paſt, Ages of Aſtrenomy , been about the 
Summer Solſtice in our r and about the 
Winter Solſtice in our Perigee ; if I may uſe the 
Terms of the Pralemaict dyſtem. Nor is it 1 
any Wonder that the aue total Eclipſes of the 
Sun have happened ſti]! in the Summer, and the 
teateſt Annular ones in the Winter half Lear: 
ince the farther the Sun is off in the Winter, 
the. leſs muſt be its apparent Diameter, and by 


conſequence the greater the Exceſs of the Moon's 


Diameter above it. On which Exceſs alone the 
Greatneſs of ſuch Eclipſes depends. And the 
Reverſe is equally evident in the Caſe of * 
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lar Eclipſes In Winter; Nor indeed is it very 
ſtrange, that Annular Eclipſes are in theſe Parts 
of the World ſo rarely obſerved'; fince they molt 
uſually happen in Winter Days ; which going 
ſhorr , mult afford us a ene ſmall - 
Number of them. 200 OG he other 
Side of the Equator the muſt h 
But thoſe Eclipſes very rarely come to our No 


tice. g 3 

(s.) Since this Petiod reaches only from the 
middle of one general Eclipſe roanother, without 
regard to the Pofition of any particular Place on 
the Earth's Surface, ariſing from the Jintnal Mo- 
tion, we muſt remember that if an Ecli pſe of the 


Sun 3 ticular Placæ conſiderahiy 
before Noon, it come ſooner , and aftet 
Noon later than the Conctufion of this 
Period. Though ir muſt de noted, char Eclipſt 
of the Moon being abfottute in theit o-] Ʒ P 
ture, are here wholly unconcerned; and no w 
on, Retardarion, or 

teration on account of the diurnal Motion of the 


Earth. | t | 
(10.) The odgel Alteration of the Time of 

the Day in all Eclipſes depends on the Exceſs of 

this Period above an even Number of Days; 
which is 7 Hours and 43/5. 80 that the Cycle 
does naturally. put every correſpondent Eclipſe 
later than the foregoing, almoſt 8 Hours, or one 
third part of a Day ; which ching, by reaſon of 
the intervening diurnal Motion, greatly alters all 
Eclipſes, eſpecially Solar, not only to the bare 


Time ** W «od Ati 
will de vile. | 15 
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(110 If therefore we join three of «theſe Cy. 
cles together, thoſe odd Hours and Minutes will 
amount nearly to a whole Day ; and will there- 
ſore nearly bring the middle Point of the. corre- 
ſpondent Eclipſes to the fame Time, in the fame 
lace, and, in part, with the ſame Circumſtan- 
ces as before: Which a fingle Cycle cannot poſ- 
fibly do. Only with the Anticipation of 50! in 
Time. Which three fingle Cycles therefore of 
19,756 Days, or of 54 ears; with 32 or 33 
Days; I call the Grand Cycle. And this will be, 
I think, of the 8 and readieſt uſe. in re- 
mote Eclipſes of any other Period whatſoever. 
Thus, for Example, there was a total Eclipſe of 
the Sun on Black 1 as ic has thence been 
called ever ſince, March 29. 165 2. about Ten a 
Clock in the Morning. Total, I fay it was in 
the North of Ireland, and the Northweſt of Scot- 


land, tho not ſo at London, ot the remoter Parts 

of England and Scotland. To this if we add one 
Cycle, the Time of the next correſpondent E- 
clipſe will thus be diſcovered : | | 


| | 3 1 „ 
Wt To 4. D. 1652. March, oo 28 22 oo oo 
Add —18 10 7 43 15 

Sum 1670 April oo 8 5 43 15 


So that the correſpondent- total Eclipſe ought to 
have been A. D. 1670. April the 8th 43“; paſt 5 
1 a-Clock in the Evening. And becauſe the Earth 
„ was then a ſmall Matter nearer its Aphelion, than 
* the Moon its Apogzon, the Time would be a lit- 
- il . tle anticipated on that Account, But chen, be- 


k - | cauſe this Eclipſe was towards Evening, it would 
"pl be much more retarded on that Account, than 
N anticipated on the other; and the main Part = 
: G q 


* 


- tbe. Eclipſe would happen afier Sun-ſer, and be 


here inviſible. 

To this Time if we add another Cycle; - the 
next correſpondent Eclipſe will in like Manner 
be diſcovered : 


CY 4 h_ n | 
To A. D. 1670. April — o os ; 11 15 
Add ——— 18 11 743 15 


Sum 1688. April 00 19 13 26 30 


So that the next correſpondent total Reitt 0 ought 


to have been April e 2673 aſter one in the 
Morning; and was therefore, to bs ſure, utterly 
inviſible to us here. To this Time if we add ano- 


ther Cycle, we have the next LOR total 


_ Eclipſe thus: 


$04 of Iv 

WAP, 1688 April 00 19 13,26 30 
Add ——— 18 10 07 43 15 
Stn 2706 Me o 45 


So that the next correſpondent total Eclipſe 
was to have been A. D. 1706. 9'; paſt Nine 
a- Clock in the Morni „ is 26s ach be- 
fore the Time when it was obſerv'd here; and 
was no other than that famous Eclipſe which was 
total at Cadiz , Barcelona , Marſeilles, Geneva , 

Bern, and Zurich ; and became very remarka- 
ble for the raiſing of the Siege of Barcelona du- 
ring that total Darkneſs: Thou gh I have been in- 


form'd by ſeveral there preſen en 2 to 
e arent to 


both Armies wholl 

Darkneſs of the Sky for forced them t 
it. Now this affords us alſo a remarkable Inſtance 
of the near Approximation of our Grand 1 


* 


10 
both as to Time and Place. For if inſtead of 
tracing this carreſpondent Eclipſe through the 
diſtinct Cycles we had at once taken our Grand 
Cycle of 54 Years, and 33 Days ; we had come 
immediately to this Eclipſe: And by allowing the 


Anticipation of 50! had been within about.20! of 


the Calculation at London. 

To this Time if we add another ſingle Cycle, 
we ſhall have the next correſpondent Eclipſe 
thus : 3 

| F | y 4 h tn 

To A. D. 1706. May—oo oo 21 og 45 
Add —— 18 10 07 43 15 
Sum 1724 May o II 04 53 00 


So that we ought hence to expett the total E- 
clipſe next May 11, 53 paſt 4 in the Afternoon. 
And becauſe both the Poſition of the Sun and 
Moon in theit Ellipſes, and the more confiderable 
Alteration from the Time of the Day, which is 
here mach farther in the Evening than the laſt 
was in the Morning; oblige us to ſuppoſe about 
* Retardation, we hence Jolly that this 

Eclipſe will be the neareſt at London about 
40. paſt Six in the Evening; as the exatteſt Cal- 
culations do determine. 


(12.) If we would now trace a few Lunar E- 


clipſes by this Cycle, we may do it accord ing to 


the following Examples : 

A. D. 168!, Feb. 11. about 59! paſt 10 a-Clock 
at Night, Mr. Eamſteed obſerv'd the Middle of 
4 great and total Ectipfe of rhe Moon at Green. 
wich. Proceed therefore as is already ditected ro 


—— the next correſpondent Eclipſe of the Moon 


To 


” "I Te og © a Mm aeAc 


[55] 


3282 11 10 $9 00 


y 4 b fl 


11 07 43 15 
Sum 158 Febr. o 22 18 42 * 


So that this firſt correſpondent total Eclipſe of 
the Moon ought to have been Feb. 23. 1, 
842 paſt Six a- Cock in the Morning; 

day - time, and d muſt nods hs been i 
great F Fart to us invifible 


5 4 7 * In 

To 4. D. 18, Feb. -co 22 18 42 15 
— —— 18 10 07 43 15 

Sum 174+ March — 00 of 02 25 30 


So that the next correſpondent total Eclipſe of 
the Moon ought to have been March 5, 17+. 
25'+ after To Clock in the Afternoon z which : 
was in the day-time 8 
with the former have been here inviſible. 


' 4 8 ff 
To4D. 17:4, March — 00 05 02 25 30 


Add 18 10 O 43 17 
Sum 1736 March — 09-15 10 08 45 


So th at the next total correſpondent Eclipſe of 
op Moen is hence to be expected 4. D. 1736, 


March 15.8" 3 paſt 10 a-Clock at Night: which 
is a about . and half ſooner than the Cal- 
culation. Which * — preſently 
find K 6 
happen. 


a * 
FI 
| 1 
x 


. ; : 
— — 
. —— — — T ˙*7¾mâe ͤ — ͤ˙ß, ] — e ie EE ESD 
* 


3 


veral Alterations arifin 


16 
This may alſo be 1 obtain d by one en- 

tire Grand cle of 54 Years, and 33 Days; with 
the fore- mentioned Anticipation of 50/ which 
from Feb. 11. 168! 10b 59/, brings us directly to 
March 15, 1736, 9 ro a-· Clock at Night; 
or to ſomewhat above an Hour and half before the 


* 


Calculation. 149 


5 © | l | 95 
N. B. As to the proper Quantity of the ſe- 
de all 2 Pep 

ought to be allowed for, are theſe : 
The Moon and Sun being about 317 in Diame- 
ter, and the Digits of their Obſervation being 


12. while the Difference of the Moon's Latitude, 


45 we have ſeen, is about 2 36“ or the Twelfth 
Part of thoſe Diameters, it is plain that the mean 
natural Alteration of every Period in the ſame 


Circumſtances is about one Digit; 2 leſs in 
ti 


the leſſer, and greater in greater rudes : 
which in the Moon, whoſe Eclipſe is to all Spe- 
Qatots the ſame, holds conſtantly: And though 
the diurnal Motion of the Earth removes all par- 
ticular Places, ſo much each Period as to render 
this Rule leſs obſervable in Solar Eclipſes, yet 
after each grand Period, which nearly reſtores their 
former Poſition, it will hold in a good Degree 
there alſo, I mean ſo as to alter about 3 Digits 


therein: But beſides that of the Digits eclipſed, 


we ought alſo to ſee what Alteration in, Time 
may happen to each Period. [Now as to the Ine- 
quality of the Sun's Motion, it is as we have 
ſeen 1048, and its greateſt Velocity is at the 


'Earth's Perihelion, and its leaft at its Aphetion : 


Its greateſt Alteration therefore muſt be in Aphe- 
lio and Peribehio, and is the Difference of the Equa- 
tion belonging every where to the Addition of 
108, and is here 48“ which Space the Earth 


Do 


goes in about 20“ of Time. So that the Diffe- 
rence of Time on this Account, muſt each Period 
be ſome Quantity leſs than 20'. And as to the 
Inequality of the Motion, it is alſo greareſt 

at the Perigee and and irs greateſt Alterati- 
on 2t the extretne Ectentricities of its Orbit is 
the Difference'of the Equations at 205171 in Peri- 
gee and Apogee, actotding to thoſe extreme E 
centricities: = 9' which the Moon uſually goes 
in ſomewhat lefs than 2o/. So that the Diffe- 
rence of Time; on this Account, muſt each Cy- 
cle be ſome Quantity leſs than 20 Minutes alſo. 

nd no- neipal Alteration 


of elle ares _ about — Hours and an 
Part ich is almoſt always before, and 
Part after Noon: while the odd Hours of a ſmall 
Cycle 7 43/1, may reach equally from a. Fore- 
noon to an Afternoon's ſucceſſive Eclipſe ; tis poſſi- 
ble, ſuch an Eclipſe may appear an Hour and three 
Quarters later than the Period ir ſeif would deter- 
mine it. Tho uſually this Alteration will not 
be near ſo great; eſpecially when the Latitude of 
the Moon is very confiderable. But then it is ſo 
| — — allow very nearly for this Inequality, upon 
4 little Conhideration, that it ought not to be ob- 
— againſt the Accuracy of this Period. If 
8 


Hours from Noon we allow about an Hour 
and half; and for two Hours, three Quarters of 
r from the 


'D Croi- 
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1184 
Cyrollary. If we would know what is the great · 
eſt Inequality in Digits and Time in a gan Pe. 
riod, made up of Three common ones, or of 
| 54 Years, 32 or 33 Days, beſides the conſtant An- 
EE - ticipation of 50', we muſt fay it wr poſſibly, 
BT though it will ver 2 be almoſt thrice the 
1 Quantities already ſtated for a fingle Cycle: ex- 
f cepting the laſt and principal Difference, peculi- 
BY ar to Solar Eclipſes: which is never much greater 
1 than that already mentioned. 0 


| N. B, If any are not contented to know theſe 
| Matters by ſach Approximations, but defire the 
; utmoſt Accuracy ; they muſt either make uſe of 
Dr. Halley's Equations, fitted to this Cycle, when 
publiſhed; or rather make uſe of Mr. Flamfteed's 
or Dr. Halley's moſt accurate Aſtronomical Ta- 
bles, when publiſhed ; with that Trigonometri- 
cal Calculation afterward, which I publiſh and 
exemplif; - _ Pa - In on former = of 
which Wor iS e, with its proper Equa- 
tions, will, at leaſt, ſave us the one half of our 
Calculation, if it will not bring us it ſelf to that 
utmoſt Accuracy : which indeed is hardly to be 


expected from it, 


So that, upon the whole, If we duly cenfider 
the particular Circumſtances of the Sun and 
Moon, with thoſe of the Aphelion, Apogee and 
Node, and with the Times of the Night 
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| or 
[1 when the Cycle ends, and rightly 4 them to 
| this ſingle Cycle and to this grand Cycle, we ſhall 
be able nearly to determine the correſpondent E- 
clipſes with very ſmall Trouble or .Calculati- 


The 


— = 
= 


moves in Eclipſes, 1858 0 chat of the Si 
tick, but of the Orbit of the Moon, conſider 

with the Annual Motion: Or it is a Plane inclined 
to the Plane of the Ecliptick in an Angle of about 
5 360. Which in the Calculation of Eclipſes is 
uſually ſtiled, The Angle of the Moon's Oil ble 
— This Mineipe Plane ha, The Lunar 


III. 


This Lunar Plane cuts the Sphere of the Earth, 
confidered without its diurnal Motion, in a Circle 
_ —ç— + _ is Fr So Cole: 29 
t iptick in the ſame Angle. This 
The Lunar Circle. 11 


In Eclipſes which happen at the Solſtices a 

| in the Nodes of the Moon! s Orbit, the ' Diſtance 
ar of theſe Poles is exactly Ea ard or Weſtward, 
at In thoſe which happen at the Equinoxes and Nodes, 
* the Diſtance is exatly North and South, Butin 


all other Caſes it is Oblique. 


V. 


The Angle of that Obliquity is always com- 
os of the Diſtance of the Sun and Moon from 
Solſtitial Colure; with theDiſtance of 
from the Nodes: And is ſometimes the Sum, 
and ſometimes the Difference of thoſe Quan- 
tities. 


bd ” XY I'S nw pM my 
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VI. 
The Diſtance between this Vertex and the Pole 
of the Earth, when Eclipſes happen at the Sol- 
ſtices, is the dum or Difference of the two fore- 
mentioned Angles of Inclination the of the 
Pole of the Equator and of the Pole of the E- 
cliptick = 23% 29“; the other of the Pole of the 
Ecliprick, and of theVertex of the Lunar Circle = 
5 36“ nearly. But in all other Cafes a Spheri- 
cal Triangle muſt be folv'd, in oder to find that 


ELIE which hereafter. 
| 31152 VI. Tis 


_ - Since the Solſtitial Colure is a great Circle, 
that is alſo a Meridian, or paſſes through the 
Poles of the Earth and Ecliptick : And fince be- 
ſides the Diſtance between the Vertex of the Lu- 
nar Circle and the Pole of the Earth, we ſhall 
want the Angle included between the Colure and 
that Line; this alſo muſt be obtained by the like 
Solution of a Spherical Triangle: Of which here- 


alter. 
e oh 17 
Since the great Circle that paſſes thro' the Poles 
of the Earth, and of the Lunar Circle, and that alone 
cuts both thoſe Circles, and their Parallels at 
Right Angles, That Meridian, and that alone 
wherein that Diſtance lies, is perpendicular to | 
the Path of the Moon's Center along the other; 
and will determine the Point in that Path whete- } 
in tbe Center of the Shadow cuts that Meridian | 
at R'ght-Angles and approaches neareſt of all to 
the Pole of the Earth : And indeed lays the Foun- 
dation of our future Calculations, This Meri- 
Gian 1 call The Primary Meridian. 
IX. The 
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The angular Diſtance , about the Pole of the 
Earth, of the Meridian that is directed to the 
Sun at the middle Point of the whole Eclipſe 
from the primary Meridian, is compoſed of the 
Sun or Difference of the Angle made by the Sol- 
ſtirial Coluxe and the primary Meridian; and of 
the Complement of the Sun's Right Aſcenſion at 
the middle of the general Solar Eclipſe. Which 


Angle is of the greateſt Conſequence in our fu- 
ture Caleulations. This Angle I call the Primary 


Angle. 

Since the Motion of the Center of the Sha- 
dow of the Moon, it Solar Eclipſes, is neatly 
even, and nearly recti: linear; ſince it is alſo in 
the Plare of the Lunar Citcle; and is all one as 
if it were along a Line that touched that Circle 
at the Middle of the general Eclipſe, the Point of 
Contact; we mult divide each Quadrant of go 
Degrees into 90 or 189 unequal Parts 3 but ſo 


that the Difference of the Sines of: thoſe unequal 


Angles may be equal, and ; or ds of the entire Ra- 
dius: That ſo the firſt Sine * may be =; 
the ſecopd 8; the third 8, tc. and this 
from the Table of natural Sines, with their cor- 
reſponding Arcs 6t Angles at the Vertex, as fol- 
lows?” | * 1 
8 | 
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N. B. Where e is different from 
that at the very Mi of the Eclipſe , as it 


uſually/is z you muſt increaſe or decreaſe the 
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E. G. r the Midils of the 


Eclipſe be 60 come to be 402 ; ſay, 
As 867 to 643, 80 is 191 to 142, which 
is there to be taken in its ſtead, . 


N. B. The Hint that had ſeveral Years ago, 
that in the Determination of Solar Eclipſes the 
Equality of the Difference of Sines was made uſe 
A by Dr. Halley, was the Occafion of the Duſ- 


coveries in thele Papers. 
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The perpendicular. 
he Penumbra; and the like Diſtance vf 
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Zed TO Davis „ Nen 


Sire e 


Point of the total Shadow from the Path 
Moon's Center, _ be- diſcovered by Fables 
made from the natural Sines ; where thoſe Sines 
themſelves, — * differ equally, or in arithme- 
tical Pr appiding 265 the Duration of 
the whole Eclipſe ple, 155 of Darkneſs : and 
their Co-lines cox ATM Diftances from 
that Path. Both — tcl ay here follow : 
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Diſtance | Duration | Diſtance 
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244 159 14:19 
21,8 160 14.0 
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Thy Ant at the Vertex of the Lunar Circle, 
on each Side of the Point of Contact, by Reaſon 


of tha perpendicular Situation of that Axis to. its 


own Circle; arealways right Angles : Only di- 
miniſt'd* in che Proportion of the Minutes de- 
ſcrib'd by the Annual Motion during the Conti- 
nuance of the Eclipſe. Thus in our preſent E- 
clipſe which retaihs the Center of the Shadow 
near three Hours upon the Earth's Diſk, in which 
Time the annual Motion amounts to about 8/ ; 
each of thoſe right Angles in Strictneſs are to 
be eſteem d only 89 56!, and both together 179 


521. Only becauſe the Refraction of the Rays of 


the Sun throug our Atmoſphere, requires a 
ſomewhat greatei Increaſe of this Angle, than the 
annual Motion requires irs Diminution, 1 ſhall 
wholly omit it, in all my Calculations hereat- 
ter, * 8 37-4, | 
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- unequal to one another; and more or fewer than 
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The Angles made Me 
which ſhew the Difference of the two extreme 
Mendes and oy Oy 
tr iple, by reaſon ot t iquity o 
Earth's Axis to- that Lunar Circle, ate uſualh 


twice 90, as the Eclipſe happens at different La» 
titudes of the Moon, and Times of the Year. - ::: 


LES did 
e 
The Meridian that paſſes through the Middle 
or Central Point of general Solar Eclipſes, is the 
ſame with that which paſſes through che Center 
of the Sun at the ſame Time, when, the M 
has no Latitude, and the Eclipſes ate Oentral in 
the Plane of the Ecliptick ; as. alſo when the 
happen in either Solſtices. Otherwiſe the Moon's 
Latitude being taken perpendicular to the Plane 
of the N and the neureſt Diſtance of 
the Moon's Motion being taken perpendicular to 
the Lunar Circle, while the» Meridians always paſs 
through the Poles of the Earth z theſe Two Me- 
ridians will, generally ſpeaking, be different, and 
their included Angle no- otherwiſe ro be Known 
than by Trigonometry, as will appear hereaf- 


ter. 
XV. 


5 Nit 

The Dimenſions of the Penumbra, or entire 
Eclipſe, and the Extent of the total Shadow on 
the Earth, are continually different according to the 
different Elevations, of the Sun and Moon above 
any particular Horizon. For as the Moon is 
about the ſame Diſtance from every Place, when 
it is in its Horizon, as 5 is from the Earth's Cen- 

\ 2 tex 


face with a Plane, which is a true Ellipſis. 


L 36 
ter it ſelf; with regard to which Center alone 
our firſt Calculations are always made : So. when 
it is in the Zenith of any Place, it is one Semi- 
diameter of the Earth nearer it; which Semi- 
diameter being uſually &, and at our next Eclipſe 
of its entire Diſtance, as will appear here- 
after, will deſerve an Allowance. Nor will an 

leſſer Elevation of the Moon be wholly inconſi- 
derable in Eclipſes, but in all accurate Determi- 
nations thereof muſt be particularly computed, 
in order to the diſtinct Knowledge of the Extent of 
ſuch Eclipſes; eſpecially of the Breadth of the 
Total Shadow therein. Accordingly we are to 


obſerve that rhis Breadth of the Total Shadow will 


certainly be at this Eclipſe confiderably greater 


over North America ; where the Luminaries are 


greater elevated above the Horizon; than over Ex- 
rope, where they are much nearer it; as this Cal- . 
culation requires: Of which hereafter, 


XVI. 


The Figure of the entire Penumbra, or 
— — and of the Umbra, - Total — 
neſs; as they appear upon every Country, is di 
ferent, on account of the different Obliquiry of 
every Horizon; and will make Ovals or Ellipſes 
of different Species perpetually. This in the 
vaſt Penumbra is beſt underſtood by ſuch an In- 
ſtrument as my Copernicus; or wy Peruſal of 
a very ſcarce Book written by P. Coxr/ter, (Philof. 
Tran ſact. No. 343. A 259.) and cited by Dr. Hal- 
ley > Which Ciffin y treats of the Interſection 
of a Conical and Spherical Surface. But in the 
ſmaller Umbra, or Total Darkneſs, which is con- 
fined to a much narrower Com it very nearly 
approaches to the Interſection of a conick Sur- 


XVII 
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The Species of that Ellipſis depends on the 
Sun's Altitude above the Horizon at the Time of 
Total Darkneſs ; as does the Poſuion of its lon- 
ger Axis on the Azimuth of the Sun at the ſame 
Time. Nor is it at all neceſſary that the DireQti- 
on of this or any other Ellipſis ſhould be along 


either of the Axes, but may as well be 
other Diameter whatſoever. | RCP 


XVIII. | 

The Dire4ion of the Center of the Shadow 
is according to the Direction of the Meon's Mo- 
tion, along the Plane of the Lunar Circle, 28 
com ed with the diurnal Motion, or with 
the Direction and 1 of thoſe Parts of the 


Earth over which it ; and will be hereab 
ter brought to Calculation. And indeed this 
Angle may be had, either 1 _ the ſeveral 
Points of the Path of the Moon's Way upon the 
Earth, in as many Meridians as we pleaſe, and 
drawing a curve Line through thoſe Points; or 
by ſolving a Spherical Triangle, whoſe Sides are 
the Complements of the Latitudes of two nei 
bouring Places equally diſtant, Ea and Weft, 
from the Place you work for ; and whoſe inclu- 
ded Angle is the Angle at the Pole ſuited to the 
Difference of their Meridians ; and taking half the 
the two Angles at the Baſe, the one internal and 
the other external, for the Angle defird : Of 
which hereafter. I” 
XIX. 


Every Elliphis, made by the oblique Section of 


a Cone, has the Interſection of the (Fg. 1.) Axis 


of the Cone Cat ſome Dine ion Cann 
t 


4 „ 


S 
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the Ellipſis D. And the Proportion of thoſe une- 
qual Diviſions B C and CA are the ſame with 
that of the Sides of the Cone / Band V A : As 
appears by the (Elem. III. 6.) Elements of Euc/id. 

hence it is evident, that the proper Center of 
the total Shadow in Eclipſes of the Sun, or that 
made by the Axis of the Cone, is not the ſame 
with the Center of the Elliptick Shadow; and 
that the Proportion of its Diſtance from that 


Center may be eaſily determin'd by the Propo- 


ſition here refer d to: Of which more hereat- 
ter. 


Scholium. This Ellipfis, when the Sun is of 
a conſiderable Altitude, is almoſt an exact one; 


but when the Sun is near the Horizon, it will be 


very long, and fo leſs exact; becauſe the Spheri- 
cal Surface of the Earth is at that Diſtance more 
remote from a Plane, Ry 


XX. 


The perpendicular Breadth of the Shadow is 
neither that of the longer, nor that of the ſhorter 
Axis: But that of the two longeſt Perpendiculars 


(Fig. 2.) AB and CD drawn from the Tangents 


rallel to the Diameter DB, along which the 
irection of the Motion is: The length of which 
Perpendiculars will be hereafter determined. 


r 
The Vebcity of the Motion of the Center of 


the Shadow is unequal; not only on account of 


the Difference of the Moon's own Motion, at the 

beginning and ending of the entire Eclipſe; 

which indeed is very inconſiderable; but chiefl 

by reaſon of the Difference of the Obliquity 
c 


L 39 J 
the Horizon all the Way of its Paſſage, How - 
ever, fince the ſeveral Points may, in all Meri- 
dians be diſtinctly found * 8 
we ſhall ſhew preſently , this Inequality need 
create us no new Difficulty in the Determination 
of Eclipſes. er l i 
XXII. ' 


The Number of Digit -eclips'd\, which are 
twelfth Parrs of the Sun's Diameter, with fexa- 
geſimal Parts of the ſame Digits, are always to 
be eſtimated as diſtin from the total Shadow; 
and may be diſcovered . help of t he forego- 
ing Table, p. 29, 30,3 1. Where the Digits are alrea- 
dy noted at every proper Diſtance from the Path 
ot the Moons Center; and where the interme- 
diate Fraction ia « is more exact than 25 but 
which, by dividing that Number 7+, « by 27 
will give thoſe Sexagefimals, without any 
Trouble: The Application of that Table will be 
taught hereafter, * © F e 

| | XXIII. 1. . z 

The Diſtance of the Vertex of the conical Sha-' . 
dow of the Moon, which ſometime juft reaches 
the Surface of the Earth, as in total Eclipſes 
ſine mer, Sometimes does not reach it; as in 

Annular Eclipſes; - and fometimes would over- 
reach it, if it were not intercepred ,'as in total 
Eclipſes cum mord; may be eatily diſcovered at 
any time by the Analogy following: As PC the 
(Fig. 2.) Semidiameter-of the Moon: = $41 geo- 

phical Miles is to CV the Diſtance of the Moon 

Tom that Vertex = 215000 :: So is Rs =45. 
the ſmalleſt Semidiameter of the total Shadow, 
which is the ſame as of the circutar Shadow ir 
KF to. V, the Diſtance of that Fey theres: 


[ 40 ] 


fidm = 10316, which is thus: 941 : 215000: : 45 
: 10316. | 


4 

The Determination of the Circumſtances of 
Solar Eclipſes, for any given Diſtance from the 
Path of the Moon's Center , either a 6. has no 
new Difficulty in it; but is to be mad 48 is 
tat for the Center of the Penumbra. Only the 
Quantity of the Diſtance of the Vertex of the 
Lunar Plane from that Circle will be different; 
as the Path of the Moon's Center it ſelf might 
be at another Edipſe, of otherwiſe the ſame Cir- 


| XXV. 
If Two Bodies A and B ſet out together, the 
one from A, the other from B: and meve evenly 
forward in a known Proportion as to Velocity; 
the Point C will be determined where the ſwifter 


will overtake the ſlower, and they will be coin- 
cident. Thus if the Velocity of A, (Eg. 4.) be to that 


of B, as5 to 1, the Proportion of the Lines A B - 


to BCwill be as 4 to 1, and if we add 1 to 
= 5 we have the place C where the ſwifter wil 
overtake the flower. Thus if their Velocities be 


to each other as 5,48 to 1, the Lines of their 


Motion A B BC, will be as 4. 48 to 1. 80 
that if we in the former Caſe + of A B and 
in the other rr of AB, and add it to AB, we 


gain AC the Diſtance of the Point C from A. 


Corollary, If therefore A ent the Cen- 
ter of the Shadow of a Solar Eclipſe, as it is 
175 at the Middle of the general Eclipſe; and 

Greenwich at the ſame Moment of abſolute 
Time ; and at a known Diſtance from the — 

ont 1; 
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Point; and if the Velocity of the Center of t 
Shadow along the Circle be tb tha Velocity of 
Greenwich in its diurnal Motion as 5:48 to 1, 
if we ad 4,48 of their Diſtance at their ſetting 
out to that known Diſtance, we obtain the Point 
or Place where the Center of the Eclipſe will 
oventake Gre mich, or the Time when the E- 
clipſe will be at the Meridian of Greenwich, 
And this whether che Centet and Grorawich move! 
along the ſime Line as : AB C, or two different 
Lines, as 4 BC and a bc. 6 e 
The Duration of Solar Eclipſes is different, ac 
cording as their Middle bappe is about Six in the 
Morning or Evening; or about Noon; or about 
ahy intermediate Time. If that happens about 
Six a- Clock, Morning or Evening, the diamnal* 
Motion then neither much conſpires with, nor 
oppoſes the proper Motion of the Center of the 
Shadow ; and the Duration is almoſt the ſame as 
it would be if the Earth had no diurnal Motion 
at all. If that happens about Noon, the diurnil 
Motion moſt ot all conſpires with that proper 
Motion of the Center, and makes the Duration 
of the Eclipſe the longeſt poſſible. If it hap- 
pens in the intermediate Times, the diurnal Mo- 
tion, in a leſs Degree, conſpires with the other 
Motion, and makes the Duration of a mean 
Quantity, between that of the other Caſes. But 
if it happens conſiderably before Six a- Clock. in 
Morning, or after Six a-. Clock in the Evening, 
the diurnal Motion is backward, and ſhortens that 
Duration proportionably. Of the Quantity of 
which Duration we fhall enquire more hereat- 

rer, * "Sp 
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1 | 91 66:8 (*4 I. ST Hr ? 169 
14 ET ; | - 2 era 

- To find the neareſt Diſtance of the Path of the 
Moon s Center, to the Center of the Diſk of the 
Earth, as ſeen at the Diſtance of the Mo-.n in the 
* Sun A. D. 1724: May 11%. 
This is equal to the Moon's true Lati- 
tude at the Time of % Conjun&ion in "bis own- | 
Orbit; and is ſet down in the Calculation 32! | 


TY 19/1, 

I. ö 
. | 'To find the Sun s Declination at the Middle of | 
38 the Eclipſe. - 
'f As the Radius of the Circle: is to the Sine of 

=. the Sun's Longitude at that Time=61! 39): : 

Wi * So is the Sine of the Sun's greateſt Decli- 

i mation, = 230 297: : to the Sine of the Sun's 

Iz Declination then. 


* — r——I—k— — Sad 
* 


Na. 10. ©00000 
S. 619 9, 9. 944514 
S. 230 29! 9. boogog „% 


| 8. 18. 544923 = 20 32. 

| III. | 
cM: 1 To find the Sun's Right Aſcenſion for the ſame 
If * me. 
. As the Radius : to the Cofine of the Sun's 


4% greateſt Declination :: So is the Tangent of 
14 the Sun's Latitude: to the Tangent of the 
or Sun $ right Aſcenſion. Rad. 


(43) 
Rad. 10. 
Sin. 66 31 9. 962433 
Tang. 61 39 10. 267952, ® ³ 
Tang. Right Aſcen. 10. 2304 J 59 31 
L | * Compl. 30 29 


To find the Dance between the Vertex of the 
Lunar Circle and the Pole of the Earth. 


— 
L 


Let (Fig. 5. E P repreſent the Diſtance be- 


tween the two Poles of the Earth, and of the E- 
cliptick : = 23* 29. EV the Diſtance between 
the Pole of the Ecliptick, and the Vertex, off the 
Lunar Circle; = 5* 36'. PEV the Angle made 
by the Solſtitial Colure PE; (in which the two 
. Poles of the Earth, and of the Ecliptick always 
are) and that Arc EV. And becauſe the Sun is 
here” 280 21 diſtant from that Colure, which is 
the Complement of its Longitude from Aries; 
and the Aſcending Node, or Argument of Lati- 
- tude. is then 59.49/ diſtant {rom the Sun back- 
ward; The Sum of theſe Numbers gives 34 
10% whoſe Complement is the Angle TER = 
-55®.50/, In order. then to gain VP proceed 
thus : u «04 241 u 

i ba: Wo? 3 27 02:30 *%, 78 
CS VER. 55.50. 9. 74949 2417 
T. TE 5.86 . 991458: 1*: if 


＋ 23, 29. 
Then ſay, 8 
SRE 3 9 9. 992343 
CS. VE 5 36 9. 997922 44 
CS. PR 26 39 9. 91222 46111 
. | 19 9144 KT 3: gps 2 


CS, PV = 9. 949891 =27..0 
| G 2 ' Fin 
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In the ſame . VPE to find the Angle 
PE, included between the Colure E P, and 
the e Prime Meridian * 


o [| 
„ 8. EE. 27. © 3 CWT T7. 
l 55 50. 9. 917719, 
Lr 5.36.8 Roe „ 


r 26981 10 15 5 


ts ole 
Abe 28808 Fark Nike e 
_ NE. VP = 40 4 


. 


| wy - 
= | - | Rad, 30% 39 g! 
z [ol Flags. ET. 10 10 
. TETITC | t. 8 1 jns FP * 
160 . f VI. | 5614 4 
* 10 fd the Di 88 this Pal ot ee 
we Lunar Circle from the Cirele 


As the Semidiameter of the Earth Di n, 
2807 To the Latitude of the Moon, or neareſt Di- 
ſtance to the Path of the Moon's Genter fromm — 
Center of the Diſk;3 20 191 ;: So is the Radius: 
the Sine of the Complement of thar Di 
In Decimials thus: 6163: 324 32 :: 10000 : 
5244. 2 8. 32 380 whoſe Comp tement is 580 
22“: equal to the Diſtance of the Lunar Circle 
trom its Verrex. _ 


VII. 


= find the 2 included between the Meridi- 
an that paſſes through the Center of the general E- 
clipſe, and that 7 oo * rr of the 
Sun at the ame Tim 1 


- o T'Y 
4 1 wY * 


—— — ———— — — —— I, —_ 


143 
In the Triangle ( Fig. 6.) MSP whete the 
Side S P is already 2 7 Complement of the 
W dhe Ang MSP thus: 
1 I R. ber why F 


10. 
S ck the Suu's Diſtance .. 
tow the Solſtitial Co, r 
@lure; 2289 21 67685 4 
S. of the Suns 4.07 Wits. ef 
27 2% J 600% P- T 
e * 


19. 
hich add K* gle of 
"Moon's W: ＋ 
wee Som is the fe 7167 2 18 3 


Then, in the ſame we ** two 
Sides: MS equal Things P'S, of the Moon, 


or the len dt the jcular to de Man: 
way = 31% 38', and PS = 69 287, and the in- 
cluded Angle MS P = 16 30% to — MPS 
thus : 1 
R. i 10. 
o 1 
CS. MSP. 16. 30. 9. i979! 
T. SM. 31. 38. 9. 789585 
RM. = 29. 771350 30 34 MR 
280 +31 38 MS 
Then ſay, .=6212 RS 
8. SP. 69. 28. 9. 971493 9 — 
S. SR. 62. 12. 9. 946738 
T. MSP. 16. 3% 9. 471605 
79. 418343232 
F. MPS = 9. 446859=15 38 
+ 40 44 | 
= 56 22=An- 
dee with the Primary Niall 


vin. 


S 
Tow 


Oo (5 
— 8 
* _ * 


ys 
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To find the a and Liinude of the 
Center of the Shadow at the Middle of the 
neral Eclipſe; or to ſolve the primary Tri: 


— Problem IV. we have found the Diftane? 
nag pang of the Lunar Circle from the Pole of 

rth — 279. 0'. Under Problem VI. we have 

ds the Diſtance of that Vertex from its Gircle 
== 58. 227; and under the laſt Problem we have 
found the Angle at the Pole of the Earth, be- 
tween the Primary Meridian , and that Meridian 
which paſſes through the Center of the Eclipſe, 
= 56* 22!, From which date the VER: Tri- 


| angle (Fig. T 2. is thus to be ſolvd : 


5 10. 
0 7 
I CP 56. 22. 9. 743412 
T. TP. 27. o. 9. 707166 
T. P R. = 15. 46. 59. 450578 g 


Then ſay, 


C. VP 27. o. 4 949880 
SS. PR 15. 46. 9. 983345 
CS. ) C. 58. 22. 9. 719720 7 
W 
2 FE 9. 753195 55. 30 
Deduct PR = 15. 46 
Remt. = PC. = 39. 44 
Ergo Lat. = 50. 16 


To find the Angle at the Vertex CV P, pro- 
_ in this Manner : 4 2 
C. 


— , 


* 


Nui! 
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8. CV 58. 22. 9. 930145 aka 2s 


8. CPL. 56. 22. 9. 920426 © 5 
8. PC. 39. 44. 9. 805647 4 


19. 726083 © "» 
8. 9 795938 =38.41 
The following Analogy will give VCP the 
Complement of the Angle which the Direction. 
of the Center of the Eclipſe makes with-the Me- 
rid ian, chat Direction being perpendlcular to VC 
eie NG ITS 
S. CV. 58. 22. 9. 930145 
CPL. 56. 22. 9. 929436 
S.V P. 27. o. 9. 657047 
8. 


. 


* 19. 57748323 •ꝶ 
CP. = 9. 647338 26. 21 


r 


Corollary. Hence we alſo learn the moſt Nur 
thern Latitude, where the Center of the Shadow 
will croſs the Meridian at Noon,” and at right 
Angles : And this without any particular diſtinct 
Calculation. For VS = 580 221 -P 25 
o'= PY = 31* 22), — = $580 
38 is that very Northern Latitude. 


” 


To find the Longirade and Latitude of the 
Center of the Shadow, when it croſſes the Me- 
ridian that paſſes through the Center of the Sun 
at the Middle of the Eclipſe; or to ſolve the 
ſecond principal Triangle. 773% 


N 
* 


[ 
0 
| 
' 
| 
| 
| 
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If in the foregoing Triangle we ſuppoſe the 
Angle at the Pole. to be equal to the Primary An- 
| gle, or 400 45" we may thus * chis Trian- 


le: 0 © ot ITS 
4 J = 
F 11 44 2 
575 40. 44. 9: 1 7 
n Y 427. 0. 797 1 4 þ 
_— 1 PR =7s, * 695 31. 45 


ain . Fl. 4 It J . | - 143 4- 
- . . 


. C * 72 45408 OY 
= 2395 L= f 
158 4 Bea 2; / 4 
Nee, ton CE 437 
12 82 22 err Ege, Lat. = 54 25 


To find the Angle at the Center of the ang 
nee. thus: is low 


S. Vc. 9 2 23. 4. 930145 
1 CP 40. 44. 9. 81460) 
8. / P. 27, o. 9. 657047 


9 > 


19. 47164 .\! 
8˖. CP. = = 9.141509 = 20 22 
K.; ® 


To find the \Longitude- and Latitude. of the 
Center of the Shadow at its Entrance on the Dilk 
Tin Ir Or to ſolve the third Principal 


ng 
Add the vertical Angie already found = 38 
410 to a right Angle at the Vertex; = 90 + 38. 
41 1285. 41 this is equal to the Angle at 8 
4 er- 


W D ds << 


' OC 4 
LED» 
tex CV P. Subſtract this Angle from two 
Angles. 1809 — 128 41 51, 19), 2 
der to gain the Supplement, whoſe Sines, &c. 
28 fame with the others. (F. 8.) Then 

„ 8 * A$E237 4 ot 


5 : 10. 
0 
CS. CVP. 51. 19. 9. 795891 © 5 
T. P. 57 ...... 
ITI. VR. = 29. 50305) 1 40 R 
4 58 22 
5576 02=CR, 


Then f,, 


i'f 


S8. V R. 17. 40. 9. 979019 


CS. J P. 27. oo. 9. 949880 
CS. CR. 76. 02. 9. 282661 
% 08: - 
CS, CP. = g. 353522 =76:57 © 
| Ergo, Lat. 13. 03 


In order to find the Angle at the Pole V PC, 
whoſe Supplement is the Longitude of that 
Point where the Center of the Shadow enters the 
Diſk of the Earth from the Primary Meridian, 
proceed thus : 075422 e FE TY fs 


| 1 | 
S. CP. 76. $7. 9. 9886365 
8. CFP..5r. 19. 9. 892435 
8. CV. 58. 22. 9. 930145 
401801 10 119. 822580 1 Tak 
1, S$VPC=9.833944=43 01 —©+ 
28: 10 1 3 Suppl. 136: 59 . 
529001/ „L C. 135459 1 
Angle / C P, proceed thus: 
H 8. CP. 


- 
„ 


To bud the 


P 


304 


8. CF. 76. 57. f. 998636 > XN 
W CP. 51. 19. 9. 892433ĩ]ꝝ3⁴n 
8, VP. 23. % . Nö 
na! (. „ eee en wi 1% 
S. CP. 9. 560846 = 21. 20 | 


XL: © 1 
To find the Longitude and Latitude of the 


Center of the Shadow at its Exit from the Diſk 
of the Earth; or to ſolve the fourth Principal 


range = bf 
„Subſtract the Angle already found 389 41 
from a right Angle 90 — 38.41 τ 51% 19 = 
r= at the Vertex PVC (F. 9.) Then 
ay, 2 ; 61 
R. = , 10. 
CS. PVC. 51. 19. 9. 795891 ö 

T. PV. 27. . 9. 707166 o Pf 

T. VR, 29. 503037 =17 40 


Men Wehn aloe g@ 200 fi. 
Then ſay, 402 Rem 40 42 =RC. 


CS. FR. 17. 40. 9. 979019 
CS. PV. 27. eo. 9. 949880 
CS. R C. 40. 42. 9. 879746 
- "mw Badan! ©. ? 
CS. PC 9. 854607 = 44. 31. 
: 77 Ego, Lat. 45. 9. 1 
| 39.47: 3 N . 
In order to find the Angle 2 PC, or the Lon- 
itude of that Point where the Centet of the 
hadow departs out of the Diſk of the Earth, 


from the Primary Meridian, p thus: 
21 5 Nee 0 ©! 4 z IF tent - "ST R 4 
0 „e e 4 2 * 1 x — \ 
| S. CP. 


* 
* _ 
4 # 


? 
; 


c 51 ; 


8. CP. 44. in ig: Nl | aq 
Y. PVC: 51. 19. 992433 429/64 
WE out Lo 


9. 8225 88 Aer” 
8. ec 974235 I ap 


1 nen 

L h 15970 1 2 207 26 0 

And for hs auge y VCP thos; | . : bad nation 
8. CP. 44. 51." 9. 848345 0 
8 PVC. 51. * 9. 892433 CIOS 


S. VP. 27. 91 657047" + 
19. 549482 16; El 
S. TCP. = 9. 701137 = 30. 10. 


Gor Hence the Angular Motion of the 
Center of the Eclipſe about the Pole of the Earth, 
if there were no diatnal Ty is 207% 3 260 


% 10 e 10 ee 


* | | 
[1% 10 | S061 XII. 
* 


To fad the Timo in which the Ceiter of ch 

N will 80 over the Diameter of che Lunar 

ircle 

Sap, firſt, 33 : 607 :: Sa Beg 209 6 os Le. 
As. the Numbes: — Minutes 
over in an Hour: to an Hour :: 80 is opens 
Diameter of the Diſk from the 2 ; to the 
Number of Minutes for that P 

Then ſay, 10c96-: 8514 : : Hh 1781 4 G * 
As the Radlus: to the Sine 580 221 = 

Diſtance of the : Lunar Circle from — 

Vertex :: So are the Minutes of the as. 
che untire Diameter: w the Minutes of the To 
over this Wa r 


. — * 


[52] 


XIII. 


To find the 1 of the Velocities of the 
Center of the Shadow and of the diurnal Moti- 
on of the correſponding Point of the Earth at the 
Time of the Eclipſe : 

Say thus; As 178/,4 to 829% 6 = 207 26 
or as 1 to 4.54 ſo is the Time of the Center of 
the Eclipſe's Motion over the Diameter of the 
Lunar Circle: to the Timeof the:diurnal Motion's 
going from the entranceto the Exit of the Center. 


Corollary. Hence the real Angular Motion'of 
the Center of the Eclipſe about the Pole of the 
Earth, is no more than 162 4o', For 4, 64: 
3164: 207® 26': 162 400. ; 

XIV. 

To find the Latitude of any Place, over or 
near which the Center of any Shadow paſſes, to 
— known Longitude or Time given. And, vice 

To find the Longitude or Time of the 
— Approach to any loch Place to any known 
Latitude. This is no more than proceeding in 
the Calculations as hitherto; by taking any 
known Meridian or Time; or elfe any known 
Latitude for our Examples. f 

I ſhall therefore give three feveral Examples in 
both Caſes ;' becauſe of the great Dignity and 
Uſefulneſs of the Problem: viz, For Greenwich 
the Meridian of the Tables; ſor Dublin more 
W — ; and for Paris more Eaftward. 

here ſuppoſe, from the Calculation and 
— 8 — ipſes, that the Middle of — 

ipſe will happen May 11. — I 
5 a-Clock in the — e- ic 2 
will croſs the Meridian of — — paſt 6. 
Upon which Hypotheſis I thus 2 ; 


From. 
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© > f 0 

From the Angle 100 15 = 6 41 

| Deduct the Primary Angle 40 44 
There remains the Angle of the Pole LP C=59 31 


Then proceed thus: 


! 
a 35931 9. 705254 
T. PF. 299. 9. %% + 7 
PR. 2 29. 412420 = 14 29 


Say then, 


CS. PV. 27 oo 9. 949880 
CS. PR. 14 29 9. 985974 
CS. VC. 58 22 9. 719730 

ec, ES: 

. . = 9. 7610242 1 
Pedad RP = 44 8 
Remains PC =40 46 
Ergo, Lat. 49 14 


N. B. If we take Dr. Hulley's Time 6" 36, 
and ſubſtract 402 44! out of 99 there remains 
582 16/ ; and the Calculation will ſtand thus: 


R. 10. 
CS. APC. 58. 16. 9. 720958 
T. PF. 37. © „ „„ 
T. PR. = 79. 428124215 © 


| 
1 
|| 


a 
— — — 


| . 
„„ bo 
CS. PV. 27. o. 9. 949880 
CS. PR. 15. o. 9. 984944 
CS. VC. 58. 22. 9. 719730 
2 19. 704674 *® ' 
CS. RC. = 9. 754794 = 55 21 
Dedutt RP. 15 o 
Remt. PC. 40 21 
Ergo, Fat. = 49 39 
Diff. oo 25 


N. B. My Calculation differs from Dr. Hal- 
ley's Scheme no leſs than a full ee of a 
great Circle, in the Meridian ; if our Difference 
of Time, which is about 5', be allowed. And 
though we take the Doctor's own Time, yet do 
we differ in Latitude 25 Minutes or Miles; by 
which Quantity the Doctor's Scheme brings the 
Center of the Eclipſe nearer to Lonilon and Green- 
wich than this Calculation, The reafon of which 
Difference I by no means underſtand, Time will 
diſcover which Determination is moſt accurate. 

Dublin is about 6* 22! Weſtward in Longitude 
from Greenwich, Let us find the Latitude of the 
Center of the Shadow, when it croſſes the Meti- 
dian of Dublin. We muſt proceed thus: 

As 264 to 4.64. o is 6", 22”! to 8,7“ 
Deduct then from the Angle at the Pole uſed for 
Greenwich this Difference of theſe Angles 59 31 
— 80. 7 π 51% 24. which is our Angle at the 
Pole for Dublin, So that if we uſe the former 
* with that Angle, we compute as before; 

. SF: .- Sc 


CS. QP C. 51. 24. 9. 795101 


nne, #-* 


T. RH 39. 502267 = 17. 38 
S | Then 


ws — — — — ——— — 


FA 
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CS, PV. 27. o. 9. 949880 
CS. RP. 17. 38. 9. 979099 
.CS.VC. 59, 22. 9. 719730 


19. 698829 ER. 

c = 5, TB = 55 1 
38 

Remn* PC. 78 15 

Ergo, Lat. 51 45 


Poris is 20 9! more Eaflerly than Greemuich 
Say therefore 3, 64 : 4, 64 :: 2. 19! 3.2% 57 
Now 5%. 31' + 2%. 57 ne: 28 87 


Then, R. 10. 
0 U | 
CS. 2 PC. 62. 28. 9. 664891 | 
T. PV. 27. o. 9. 707166 0 
T. RP. = 79. 372057 = 13 15 


Say then, 
CS. PV n 949880 
CS. RP 13. 15. 9. 988282 
CS. / C. 58. 22. 9. 719720 | 
nw wa TT 
CS. RC. 9. 758132 =55. 03) _-. 
| Dedut RP 13. 17 
Remi. = P C. 41. 48 
Ergo, Lat. = ia 


Then ſay, 


N. B. By ſuch Calculations we may deter- 
mine the Latitude of the Center of - i Sha- 


dow's Way, from its entry upon, till its exit out 
of the Dik of the Earth, to every known Meri- 


dian. A Specimen of which I intend to give 
preſently for the ſeveral Ea and Weſt Logupes | 


„ 


from London in 382 us: And ano- 
ther Specimen in ipſe, Sept. 4. 1727. 

1 ©: Latitudes be given, he the Meridian 
of Greenwich 499. 14'; For Dublin 519. 4573 
For Paris 489. 12“: The Caſe will be that of a 
Spherical Triangle, when all the Sides are given 
and the Longitude or Time is an Angle ſought. 
Thus in the foregoing Figure for Greenwich, 
VC= 589. 22“ is the Side againſt the Angle 
ſought. VP= 279. o, and PC = 400. 46“. 
From which data we thus diſcoyer the Angle 
QCP. ter: E * | 

VC= 58. 22 KR. 10. 


VP =27 8 59 655047 | 
PC=40 46 S. 9. 814900 


Sum of 3 = 126 08 Sum19. 471947 | 


Wrote AS > 2 
Sum 63 4 S. 9. 950138 
Diff. of VCO 442 S. 8. 913488 


— 


Double Radius 20. 

The Sm 33. 863626 

The Remainder. 1. 391679 © Z | 
: Remainder oh 9. 695839 C8480 4 


double 120. 28 


from 180. 00- 


| zs before remains 59. 32 
Add the Primary Angle 40. 44 


Saum 100. 16 
— - Equal in Time to 60, 41“ 
The Time paſt Noon of the Center's Tranſit over 


the Meridian of Greenwich. For 


r 


. 
For Dublin thus : 
VC=58 22 R. 10. 


/ 


P 27 oo 8. 9. 657047 
PC 38 5 >. $ 791756 


Sum of 3.1: 12337 7 Sum 1 19. 9.448803 


Half Sum 61 48 * 2 . 945159 2 
Diff. of C 3 26 8. 778383 _ 


Double Radius 20. 


Ae 


The Sum <; 223542 If 
The Remainder 14109. 274739 1 Mods 
Half the R Remainder 9. 637369 cs. 64 18 
8 | double 148. 36 
' from 180. 00 
remains as before 5 1. 24. 
758 To 51. 24. 


- 9 9 
* . „ 


ES 40. 
Lacks 3 Sum 92. 08= 60 22 
„5 „tot 
Which dedubtel B 6 rb, leives 32 5 fbr 
the Difference of the Angle at the Pole in Time. 


then 46, 4; : 32/5 : 251, 4 which is the 
Beg inef th EF pages 
and Dublin, LON * 0 r 


p 710517 
= . p : JS ALF pie. T: 7 7 


s Ff© 

1 Z - ” - " * 2 

E eee 
i I 


581 
For Paris thus: 
v 5 


VC=58 22 R. 10. 


VP=27 09-23. 6. 657047 
FCA ll S. 9. 823821 K 


Sum « of 3 127 10 19. 22 


PW wy 


Half Som 63 35 9. 9521056 # 
_ Diff.ofV/C5 13 8. 958670 


Double Radius 20. 


Sum | 38. 910775 


— — 


1 


Remainder N. 19 429907 
— N 


Half Kemainder 5 9.714953 cs 58 45 


—_— — _—— —_—Y — 


— 


* 


| double 117 30 

As before, Remainder 62 30 

Add, d, Primary Angle 40 44 

Sum 103 11 

In Time 6 52+ 

From which deduQt 69. 41). the Remainder 11'+ is 

the Difference of. rhe. Angle at the Pole in Time. Say 

then, 4,64 : 374: : 11: 9. which js the Difte- 

refice in Time, of the We of Se 
aud Paris. 14 + 


0 WE 60 The latte Branch f he Prom de: 
termines the Hour and Minute when th e 

the Eclipſe croſſes the Meridian at any aſſig 85 8 2 
titude; and by a very ſmall Allowance — the 
very middle of the Eclipſe, or of Total Darkneſs 


happens in any Place very near the ſame. 


- 
ad » a«a a 


Ghee (35 th dive Beige deus 
OC) e HA ry 
5 Rom any Doc 


meat which the Center of 
fo” the Diſtanck af and 0 
Meridian whatſderer. Thys beczule the Merldi- 


ans of Paris,” Greenwich, and” Dublin do h 
es of the Pe 
foregoing Ah- 


N appear to be different as to the An 
from the Primary Meridian, in che fe. 
5 629, 28½ 595. 31. and 51,24. pen 
k 3 I is plain, that. the reſpUive Loxgrrnd? of 
Paris and Greenwich, when reduc'd from An 
of the Pole to the Difference of Meridians, 18 2» 
14. and that of Greenwich and Dublin 69. 24, 
aud by Conſequence of Pari and Dublin dv. 41. 
Which is no other than the Foundation of my 
and Problem of Diſcovering the Geographical 
ongitude of Places by Solar Ezhpſes, from, the 
Latitude gen: Of which more hereafter. 3 
| 1 | XV. * . 
To find the Duration of a Solar Eclipſe, along 
or near the Path of the Moon's Center, in any 
Place whatſoever. vir» 9216; 30 1hdro8 
From the Motion of the Moon from the Sun 
gain the Duration of the entire Eclipſe ; or the 
Time of that Center's Paſſage over the Diame- 
ter of the Penumbra, if there were no diurnal 
Motion during that Time, tus 
As the hotary Motion of the Moon from the 
Sun, which is in angular Meaſure 359, 18 “. and is 
given in the Calculation; to an Hour or 60 in 
Time : : So let the Diameter of the Penumbra 
there given, alſo in angular Meafure = 65. 10. 
be to 2 fourth Number : which will be the Num- 
der of Minutes requir'd. In Decimals thus: 
3513: 60: 8071 1108 = 1 17 2 
121 2 


ons | [ 60) ] 
; 2 muſt be compou He 422 


urnal- Motion of the 
with this rectilinear 


Motion of the Moon; and that as we have alrea- 
| dy ſtated it, this 7855 e will croſs the Meridian 
of Greenwich 41! paſt 6 a- Clock in the Evening; 
the one Part of the Duration of the Eclipſe bei 

. before, and the other Part after that Time, 
_ Intervals muſt be unequally affected by the diur- 
nal Motion, and we muſt then take the former half 
Duration 55. 24”! diſtinctly. And ſince the di- 
urnal Motion of Greenwich is in a larger Parallel 
than that of the Center of the general Eclipſe; 
while its Obliquity to the Path of the Shadow's 

Center increaſes ; their reſpective Motions will 
© nearly keep the fame Proportion all along; and 
ſo we may ſafely omit the Conſideration of them 
both. We have alſo already diſcovered, that the 

— of this Center's Motion is here, to that 
of the Velocity of the diurnal Motion, As 829 6 

to 178, 4. or as 4, 64 to 1. And becauſe the E- 

clipſe begins about 14“ before 6, 14/ after 6 ba- 
lances the ſame; and theſe 28 Minutes are almoſt 
all one, as if there were no diurnal Motion at all. 

So that we have only 27/ 24/! capable of Retar- 
"Jation in the firſt half: The middle Time of 
"which will be about 30 after 6. We muſt there- 
fore look into the Table, p. 22,——26 for the 
Arc 971, or its Supplement 821, correſponding to 

89 of the Sines. Where the Difference of half a 
Degree is inſtead of 19 1, as about Noon, no leſs 

than 160, which multiplied by 4, 64 comes to 
$424: So that the Motion is here retarded a 39th 
Part. Say then, As 39 to 38, fois 27,4 to 26,7 
which 26,7 or 26042“ is to be added to the 28 
before excepred , for the Der ion of the former 

Part of the Eclipſe = 54 42/7. The Middle of 

the fecond Part will be about 73-= 180; e. 
ä 12 war 


1 81 I | 
ward heyond 900. that is, 71* + of the Arc,which 
correſponds to 85 of the Sines, where the Dif- 
ference of half a Degree is 610. This multi- 
Pllied by 4064 gives 285. So that the Retardati- 
on is as 1901 to 285, or 1 to 1409. Say t 
As 14,9 to 13,9 :ſois 55,4 to 317 51 420, 
which is the Duration of the latter Part of the 
"Eclipſe, and added to the former Part of the Dy- 
ration, gives us the whole Duration S 106/24 
= 146! 24'! , without the Conſideration of the 
Elevation of the Luminaries' above the Horizon, 
which a ſmall Matter enlarges that Duration : Of 
„ g. IF we mould be fill more preciſcly nia 
N. B. If we would be ſtill more preci 
- Tl pt diſtinctly allow for the Di FR 
Parallels, and the different Obliquity of the Di- 
rettion; of which p 26, 27. before: Which yet 
are here omitted, as very inconſiderable. 


e . 8. 9-0... 


XVI. 
To find the Duration of the Total Darkneſs 

II. along the Path of the Moon's Center; if the Lu- 
r- minaries were in the Horizon. 
of Say, As the Moon's Motion from the Sun in 
6. an Hour, or 60! ; in the Calculation = 35118 
1e is to thoſe 60! : So is the Difference of the Dia- 
10 meters of the Sun and Moon in the ſame Calcu- 
Fa lation, = 1' 38 “/ to a fourth Number: Which 
15 will be the entire Duration of the Total Darkneſs 
0 il the Luminaries were not at all elevated above 
th the Horizon. In Decimals thus: 
7 35 13:60: 1062: 2473 2/46"; 
0 XVII. 
of To find the Altitude of the Sun above the Ho- 
k- rizon, when the Center of the Shadow croſſes rhe 


rd Meridian at Grerntich. In 


(6) 


I the Triangle L 100 Z PS, Z PHH. 
[Fin between the Zetiith and Pole of the Fitth - 
380 30. PS is = Diſtance between the Pole 57 
the Earth and Center of the Sun: Com gene 
of the Sun's Declination, or to 699 28 
Angle 2 0 8 = of 5m frotn 25 

ian = 6h 41! = 100% I oh ole Sy 1 t 
9 % rv 5, -pelemen 
rc 16: di 

| N. 10. 


n 1 114. * n 1 
©, 1 


GS. 2Ps 79 45 9. 250280 1515 * hai | 


As 38 30 9. 500605 
. PR = 79. 150885 


0 * 


at, 


of 0 
2 
,. 

mit 
OM * 


And. 0 7 
CS. PR8 3 9. 995699 
CS. ZP 38 30 9. 893544 
CS RS ARA 334766 
19. 228310 
G. 25 9. 232611 8010 228 
Ergo, Altitude = 9 70 4 


5 XVIII. " 
To find the Azimuth of the Sun at the fame 


Time and Place. 
In the former Triangle the Complement of the 


Altitude being now found = Z$8= 809 10/, Shine 


.ceed thus: | 
S. PS 80 10 9. 993572 
S. Z PS 79 45 9. 99241 
8. PS 69 28 9. 97149 
19. 964506 „ 4 | 
8.P2S=Suppl= 9. 970934 = 69 16 P 
| From the Weſt 20 44 We. 


eter ˙uünm. ·w-w ¶ 


828 g ZA Dany 


elite excnds to, _ a Slain ddr 6 


Axis of the bra. 
When the Parallax of the. Moons | $3, ZI 
which is its mean ty 4 
2 5.60 emidiameters of at yh 
Second on the Diſk of the Earth as viewed at the 
Diſtance of the Moon; ot the Diſk of the 
Moon viewed at the Diſtance of the Earth, is 85 


afily one geographical DET, or one Mj- 


1 = ee upon en l 
25 But when the Moon's Farallax, as ae 
rr of this Kel 2.75 wi on 1 8. Sine 
or Nur of. 


is leſs than a Mile; a "gra 7 the Proper 
11 Gp 5517 to 60. Sa thar a 
iles 3 15 60!!,. or — loure - 
accordingly, 1781 vch Miles will — * to 
— 2 ede in come 3 . Semi · 
etet of the Penumbra, ox the utmoſt * 
dicular Extent of the Eclipſe, 


oh . 
— deb 1 hol the 


4 2000 arts or N 
ph 118 Total . 10 ſuc af 


Mos — op accord ingl n «=p 
wit any. nconvenience than t 
22 — than geographical Miles: e 


— by the Reduction of them to geogra- 
Phical Miles atterwards, will always, as here, come 
to nothing, XX. 


4 


. 
XX. | ” 
To find the Alteration there is in the Extent and 
Duration of Eclipſes, and of total Darkneſs, on 
Account of the Elevation of the Luminaries, at 
that Time above the Horizon. . FM 
This is ever, as the Radius: to the Sine of rhe 
Sun's Altitude: As compared with the particular 
Diſtance of the Moon at that Time. Thus at the 
Middle of this Eclipſe at Greenwich, the Altitude 
of the Sun has been found to be 90. 50!, whoſe Sine 
iS +224, which divided by 554 5 is equal to: of 
the wh ole: And in the Semidiameter of the Pe- 
numbra, as well as Umbra, amounts to about 6 
Miles every Way. Thus alſo at the Middle of the 
Eclipſe in North. America, where tis Central at 
Noon, the Sun will be about 522 above the Hori- 
zon: whoſe Sine is 2, which divided by 55.7 
iS , nearly; which in the ſame Semidiameters, a- 
mounts to about 29 Miles every way. And for the 
Duration at Greenwich add to the common Dura- 
tion already found, or to 16 46! 24“ the „ Fart 
of the ſame, or about F of a Minute both ways: 
which is about + in the whole; which will bti | 
the entire Duration from 1 46! 24“ to full 1 
j 47' and for Total Darkneſs will add about r of = 
|| the whole total Darkneſs = 20%, and increaſe the , 


Duration from 2! 463 to 3' 6'' 5. But for the Al- t 

teration in North America, which is about v both I 

ways, or 357 in the whole; this will there increaſe , ſ 

g the entire Duration 4' 12“, and from 1 46“ 1 
24“ bring it to 1h 50! 36", and for the total - 


- Darkneſs will add about 7+ of the whole, or bring 
the 2! 46''5 to4! 47”, 
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Places and Altitudes. ould 
The ſhorter Axis of g Nlipſis, (which is the 
ſame with rhe Dau ot the Conick Shadow 
it ſelſ inaiPlarit Perpendicotit a tu p is 
to then Longer; as.) the'/Siagts 1 efo e 
Ota Germnidb g NO ipouwes ahÞaceNdrh 
america, a8 5s te 1090 vid fined N ert 
Anis isdn the Calchlat on rated — 


of 65'toi Degteez i chey —— 4— 


graphical Miles 5. which ub 
muſt be increas d 160 — rug a 
The golden Rule 1will jrhetefore:f00n1 — 
Earl ger dizivofiabe Silo th both) 
lac D mot A ei wa 26 ASM meflib 
is u Sem vbro:ls bet v yd bullet miles 
- Fay Greenwich 1708: 10000 : NA 
For North- America 788: 1000 :: 119: 
eg er ed wi 301 78 te 17 
+0 ett gd 0 eli slod adt 18 * 
«To deretmine ee 
$Shadow-for Gzeenwich,” Waage 
bung MAN 


Ecli pte. 
Buy Lemma RK ea uk 0 x 
toVA :: So is the Sine of BAV = 92? = 
166 : to the Sins of A BIt= 199 6 = 175, aff 


ſo is BC: to C And compo 27 4 
o 


175 = 241 to IF Bot. BE 
> KIA BC+CA 


to CA, Which therefore N 
As 16614 π He 
= 562 to BC; which cherefor is equal to 27% 
For 341 : 175 :: 562 289. wit r.- 
341 : 166 :: 562: 274. 


122 ws K were 


D 66˙ 
Whence the Parts of the longer Axis being found, 
the larger CA = 289 2 the leſſer BC = 
274 Miles. * which, — Ci - — Di- 
* * * U 

2 uſd cond Fein el hates 


bpfs C * 7 


"et 
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1 id, e bene 20 
Toa A. thi 4 2. i ne O00 t 
of DirtQioni of the 
al Shadow. over the Meridian of Grermwidh..: 
1 done aither by Conſtruttion, upon 
cure Line of this Mocton rheowgh 
by Calculation the Cen- 
the Meridians of. Tas, 
and meaſuridg the An. 
ge with the ſerera Meridians ; or mord 
gay: rc Gtreanilobocby ſolving / the 2 

Fg neo, here the Arc Vis equal 
diſtant Weft, as Paris is Eaſt from Greemuichy' 
to be found by Oy neg kene denn uſe of; 
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| $0*that the Acute Angle VGO, which the 
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the Meri e Greengych, is 56 e nd 
4 8 ae dituze e 24 yy: e 
| 0 4127 "5 

greets mae chan 181 1 "IS 2th 


Corollary. The longer Axis of the total Sha- 
dow at the Meridian of. Grechwich, makes an 
Angle of 13% 43!" Hub {the Dirt(tidn* of the 
Shadow. 57 5 
Sor if rom tle ge che Puste > 

5 tie Center of the Shadow 5 1 

vvith The Parallel of Greenwich, . 
We deduct the Angle that the longer Axis 3: 
makes wi bo fame Parallel, which, 20 44 


is the: former Jiſcovered; | 
There remains tis Angle —_— 
„ NIV. 44 
* ToD termine be perpendicular \ of ih he 


Total Shadow, w bo is Tele to 


London 2 00 hen thiß Ge eng Foigt is about the 


Meridi adſtow in Cornwall, 
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＋ ent, Manta. Gum, and Pat ay, 
perhaps, as far a. Venice, Padua. | 


ra , Ravenna and Florence , may at. iy ewe 
Time be invelop'd in the Total Shaddw-; and 


;that the Sun may ſer Te: at all amn of 
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5 (Le 
an gie Diſtance Bom the Path of the Mbbn's 
Gontex z end bebe Theſe e ard De: 
ratibns, if — 
n ay, given — wy 
* the Tables, F. 29-4444, Thus,” if che Digtes 
de 4% r Bardo, 60 bg, the fuß Fable Fes 
wsthe Diſtance of 1237 Miles, nds vie verſs 
if ide Diſtance be bnd to be Fee Miles: | 
. fime Tale gives es us 4 Digits andi Co 24 Dare: 
Hon. Aud the: ine Parte of r. 
and che Diſtance or Duration inthe { 
ble. Thus alſo we learn from the Map 
ſe, that the nemeſt Approach of the total 
Shadow to London will be abdut 46 -geographical 
Miles: Which 40 Miles, in — Obliquity of 
: the Motion, is about 31 cilhr le, $0 
that' 15+ == 35 of Piet, is — - Quanrity ' of 
them Lye that Will de ſeen at Landon 
is greateſt : And by c 
edipfed will be 224%" Not de 
co > me, that che total Darkneſs will come 
To Londen than 40 Miles; khough Dr. 
1 9 — within Moſs Myes. 
the entire 
her the fame as jf it were Fox bf 
7 I boon ready determined to 1 49!, Aud 
for thh 0 Peter long the the Path of the Cen- 
ter between Eee and h, its Duratian 
WW be, as before re ſtated, 371 6/1 & WWW „ 
Ing 2 e! q 114 Io 17 


W. B. A8 to the Mrerarions ich arſſe in 
more conſiderable Diſtances from the Path of the 
Moon's . Center, progegd thus: Firſt, find the 
Minutes of 8 correſponding to = 197 
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ance 1 i % Tren lcampte 
every if the Gepigs-of the Stud Were 
10 180 oe, o ereſt Diſtanc®?; ind 
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L tex. 

| Chor of the Diffance the Center of the 

e the Diameter of the Penutnbra : 


700 20 A he. diſcovered by the Rules before * 
15 without any new Ditections _ 
Only if this Diſtance be the contrary 


[hon couflting the French Ephemerides 
0 bg — in ſome Degree, 
145 1 find that he determines the 
4 4, i thus. 
inning, May 22. (N. S) 90 e 

re adle os 58 28 


End o7 54 oo 
5 a 8 there is o1 51 oo 
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1 Anno do nos 
If theſe Digits and this Latitude beizighk 
' Halley, and I, and thoſe Eg Aſtronomers hat 
have com and conſtc ted this EAHI pi ho 
do agree, that k will — 
that 5. de br three. Mihesidl{d: , af 
y miſtaken. For if Des Places bs ip 
the right, — and Sto:kbolm will ſtand 
much fairer for the Pretence to a total _ 
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1 8 I cannot tell the Reaſon why my Ori- 
2 Caleulation of this general Eclipſe, which 
been carefully _ 2 — 
Newton's famous Theory does here 
ſo muth differ from De. A Determination, 
as 5 in 1 fince both thoſe Me: 
thods did very wel in the laſt celebrated 
total Eclip@, Apr. 22. S115, "Tis Time alone 
that can determing between theſe two Methods 
of Seaton. 1 74 x 


N. B. 1 have lendy hens * an- nn 
Scheme of this next Eclip according to Mr. 
Flamſiced's on Tables and Determination, and 
made in his Life-· time; wherein the Digits eclip- 
fed are 116 exaftly according to my Determina- 
tion in this INE ho 
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the Farth , by Total Eclipſes of 
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II is humbly propoſed, That Obſervations be 

made in all Places where Solar Eclipſes are 
„ef the exact Duration of the ſame ;, by ei- 
ther viewing the Beginning and Ending thereof 
through a Teleſcope, with a Glaſs ſmoaked in 
the Flame of a Candle, for ſaving-the Eye of the 
Obſerver ; or elſe by caſting the Sun's Image 
through ſuch a Teleſcope upon white Paper, and 


viewing the firſt and laſt Impreſſion of the Moon's: 


Shadow upon it. And that the Hour, Minute, 
and Second of ſome Pendulum Clock be carefully 
noted at the ſame Time : And that when the ſame 
Obſervations are tranſmitted for the Uſes of Geo- 
graphy, the Latitudes of the Places be alſo ſet 
down and tranſmitted at the ſame Time: That 


the like 7 — be alſo made in all Places 
Eclipſes 


where Tu are rotal and viſible, of the 
exact Beginning and Ending, with the Duration 
of Total Darkneſs ; by the like Compariſon of a 
Pendulum Clock , or other pendulous Body that 
| vibrates Seconds, or half Seconds; and, with the 
Latitude be tranſmitted in the ſame Manner, and 


for the ſame Uſes. How by the Help of theſs ; 


— 


— — 2 
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13.4 
at . 4 Fe Latir%., 
Angles at I Longitude E 
[at 13614 — 7+ 1 — 
* — — g 7 — | 
0 3 13 E | 9 J * 
0 Na 8. 45 9 
[. 70 24 25 I * N N 18 #5 34 
| 69 73. 2 WMeſt. | er 
* 23 8 ooo k pany 
23 77845 » | 52,. 29 
3 23 1 15,690 | 174 4 
— 2 | 234535 ] 1.56. -9 
15 + 34,590 | | 57 43 
9 3 391225 5s, 13 
00 oc | 46,600 58 . 38 
00 31 474070 | 3” 
«7. 8 38 
e . 
388 1015665 36 18 
37 18.35 4 27 
— 30 4* 861395 ; Fl 82 
. 36 2 Mid 99,021 | 30 * 
1 56 2 r 48 5 
4 50 3 | | | 100855 | [455.5 
3 3 : 109,830 | 0 2091 
* 90 37 |... 117,675 14303 
80 3 Pune 125,520 $2023! | 
biz ” 133865 : 25 15 f 
1 : | 141,210 |, 20, 21 
| 130 3 | 14955 | : 37 
1136 9 .| 1544952 | | $25 (rs 
4 69% [ 2 * 


| NB New, 28 well as in the next Table, The 
| 2 the Pole differ by Ten Degrees; and the 
Longitude from London is found by the fegte. 
on of 4.64 to 3.64 to be 7,845 of — 
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* t 


80 
from London for every ſuch Ten Degrees. But 
if, as is generally moſt convenient, we would 
have the Differences of Longitude from London 


be even. 10 Degrees; We . mult find the corre- | 
ſpondent Angles at the Pole before we begin our 


Calculations by the inverſe Proportion of 3, 64: 
Nes 10%: 12/4 the perpetual Addition of which 
\umber will give us aSeries for ſuch a Calculation. 


A Table of the Latitude of the Center of the tata 
© Shadow at the Eclipſe, Sept. 4. 1717. #0 every 


10 Degrees of the Angle at the Pole; and every 


7) Longitude from London. | 
* Angles at Longitude | | Latit* 
ce Pie. p from London. 5 | 
| HO 4 7 FF * Weſt. 

11 34 124248. | 

4 2 | 7,167 bi 

"oa f „ 

— 1} i | 32963 

Mn. 33 0,000 

15 32 5 71167 
| 51,38 | | 24-334 
7 + 32 i 28.668 

55 32 | 35835 

65 32 | #24908 y 

1 IJ 14169 

4. 3 Mi 8 

8 32 [51336 

95 32 164403 

105 32 - . 71,670 

115 32 | 78837 | 

125 32 1004 a 
1898.11. ia 

155 ,32 | | 2074595 | 

6. "i ike 2658 |... 

1 39 | | | MS TSS 


; 33 7 433 10: 70167. a 
2153: 3453 :: 10 : 130932. 
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th - 
4 Calealatie of the Total Eclifie- of the Sun, A. D. 17. 
May 11. Poſt Meridi 


% mean Mo. Moti“ of elne ofN*4e x tr. 


3 wr 12 "v3.24 
1701] 0 15 20 o 1 8 20 4 27 24 39 
1 26 70 76 
4 1 39-32 1378 PF ., 
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2 44 42] 12 4 
1 44 | . 6 05 
14 MN | 3}. -2 49 30 


1 29 13 14 5 32 43-4 


115 ” 15 7 corre dean Pla, 


Aryu 
10 9 ofEquar,add 18 * 
ust. add 1 25 48 

7 914 38, TrueP1, of Node” 
PLofA 


An:le of the M's 
Es, 
3 3 pt 4 
E Diff. Djamer- Re 


» n's true North Lat 
| At the Eclipſe | 


A —— * the — Place fo the ſame Time, 
Sun's mean Motion. | Motion of P-zjhglion. 


% 's { * — — — 

l 93 &# $1. . © 7 2: 

A. D. 1901 5 20 43 40] 3 744 10 

- youu, 201 9 4 | 24 © 

- 1 | 11 29 19 © 15 

I 4 10 6 15 23 

g 1. A1 N ; | 12 19 . no 
| Minutes i5 = ; 38 p 2 


n 1 2 © 28 59 : 2 go 28 59 
0 BO s mean 
—— 2 1 38 2 PR 10 22 19 $7 
| a | Sun's mean Anom. 


10 33 19 $7, Ar AI. Eb. 5 41 


M. s Correct. Pl. inOrb, 
Sun's true Pla. ſubſtract 
Moon*s Diſt. from Sun 


* 


[82] 


5,21 59 45ÞTrug, Pl. of 


A Calculation of the Te Eg « of the Sun, A. D. 1 
ane. | 
1 M's mean Mot. Motion Apogee. F of Node retr. 
— — 1 — 
3 1 1590 s „ 0 
Anno Dom. 1501 10 15 20 of 1t 8 20 4 27 24 20 
Years | 20 4 13 3 i 3 50 15 26 50 15 
Los eps „1 9285 4 5 44 . 
Sebt. — 3 1 21 35 27 24 2 | 
— gk 20 10 58 4 5 * 2 39; 
Minutes "Fo I9 13 0 $. 
(Mean Time.) LEA: 
— — 8 | r 
Moon's mean Motion 5 2t 4 4 3 IT 64 @ 11 44 1 = 
Son's mean Anomal 2 15 32 16 MEET if 5 An. Eq. add 
Phy fical Parts add 11 23 11 13.37 7 11 21 64 1. 
2d Equar. ſubſtract o 38ÞMeanPl.Apoccor.MeanPl.of No, ge: 
6th Equat. add 15 5 21 $23 $3 55 E. T3 
Difference add 1242 s true Phce 
M 30n's mean Pl. corre 5 21 17 1 8 2 * Q 15 38 
; True Pl. of Apog. _—_ 11 16 23 44 Annual Nl ba. * tro. — 
Moon's me m Anomaly} 6 1. Ad 2 56 , | 
"Equarion a | 4N 2 29 1623 4 yy 11 21 0 10 


Variation add 4 3 
M.'s true Pl. in Orbit 5 21 59 5 os « A 16 xn 
ReduRion ſubſtrate + 6,9 111 & 3% 7 
Tonne kus bias af 5 21 52 481Egs,EclipſewillſParallax M. Ho- 
1's true Soitzh | 1 JAlbe 20 23 34 On 62 7 
At the Ec lipſe I 23]Mecan Time. 
F ; Equtim. a4 ' 3 mid. D {ks 1 
( Reduct. « 9 le of the M.'s 
1 Diff. add 2 leWay with 
| | 200 24 oz Ecliprick 
| ' JAppar. Time. 5 36 20 
+ 
culation he Saw! Place for the ſame Time. 
— Cal » of the, Ty — Motion of — 
A. D. 1701 9 20 43 * 3 7440 
* Years ; 21 © 
And 6 a * 21 TE 6 18 
Sept. Days Z 2 * 40 
Hours 20 _ 140 17 — — — 
5 35 | 1 26 3 812 28 
(Mean Time.) i Place 81 
— — — $23 44 44 
Snn's mean Motion 4 3 23 44 44 Sun s mean Motion 
Equat. ſubſtract 1 51 dun 2 15 32 16 
r x 21 $2 53 — , 
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— Act of Gu! TY 
- by made with Dipping-Needles, 

1 in Order to diſcover the LON a i- 
TUDE and LAT1TUDE'at' Sea. 
PON the Receipt of the li age 

of His - moſt Eecelten Maj ; 

75 ORGE; their Royal Hahoelles the 52 — 


and Princes of Wales, and many other of the 
Nobility and Gentry my kind Friends, L ſent 
the 


hit Yer Four feverd Needles to Sea; 
See 25 den the Shaking of the Ship ant. 
1 to avdid t ing Q Ship 3 

with proper Inſtructions to the Maſters of the 
Veſſels :. And this, in order to difcover the Stats 
of Magnetiſin in the ſeveral Parts of the 
Globe; and to find whether accurate Obſer- 
vations could be made at Sea, and to deter- 
mine whether the ſundamental Theory I laid 
down from. farmer Obſervations would hold or 
not; viz. * Thar Magnetick Variation and Dip 
* R all deriv'd from one Spherical Magnet in 
© the Center of our Earth; with an irregular 

* Alteration of the Variation, according to the 
i « Pare of the Loud of Strength of the ſeveral 
Parts of the Loadſtone, as compounded with my 

very ſtow Revolution from Eaft to Weſt: And 

« with a regular Alteration of This Dip.- nearly 
* * accordin to the Lino of Sines, from the Mag- 
ole to the Magnetick Of ho 


yy cd tat Phuaror _ ſufficiently Oblique 


— 


10. 140 ro 


| ame in future Trials. 


. 


L 841 
* to its Plane: All which is the Caſe of Sphe- 
&« rical Loadſtones here.” Now having already 
received Four Journals from. Four ſeveral, Ma- 
ſters d, I take this on of teturning 
my Benefattors hearty Thanks for their Aſſiſtance, 
and of giving them and the Publick ſome Account 
of the Succeſs of theſe Obſervations; and what 
Conſequences are naturally to be drawn from them ; 
with the Difficulty hitherto met with in the Pra- 
Qice at Sea, and the proper Remedy for the 


N 
p 
: 1 


captain Janes Jolly ſet out in July, 1722. for 


Archangel, with one of my Dipping- Needles on 


Board. He, for ſome time, met with ſuch Diffi- 


culties in the Practice, as confhn'd to the Frame 


1 had given him, that he was not at firſt able to 


make any good Obſervations at all. But after 


ſome Time, he took the Needle into his own 
Cabin; and without any Approach to the Center 


of Motion, or any Contrivance. for avoid ing the 
Shaking of the Ship at all, having a ae and 
full Gale all along, but without any Rormy Wea: 


ther, He made me 28 very good Horizontal Ob- 


ſervations, from the Latitude of 65 quite co Arch- 
amel: I ſay, Horizontal Obſervations only, as 1 

defired him ; the Needle, by. an Accident before 
other with ſufficient Accuracy. In this Space the 
Needle altered its Velocity very greatly, as I ex» 
petted ir would: And 5 Vibrations which ar firſt 
were perform'd in about 280//;beyond the North- 


he wenr, being rendred incapable of n 
I 


Cape came to 250”; till towards Archangel it + 


gradually returned to about 177“. 


Captain Othnie ! Beal Tet out about the ſame 
Time for Boſton in New:Erglard, with, the _ 


2 


[ $5 ] 

Inftrument, and made Four Obſervations of the 
Dip, both by the Vertical and Horizontal Vibra- 
tions, and by the Dip it ſelf; Three upon the 
open Sea, and One in the Haven of Boftor: 

hich in ſome ſmall Manner differed one from 
another, but in the main agreed, and kept the 
due Analogy I He greatly complained 
of the Shaking of the Ship; till in Boſton Haven 
be made a nice Obſervation: both Ways, which 
did not y differ : Tho' the greateſt Part of 
of his tions by the Dip ic ſelf were ſome- 
what more agreeable to g than the other. 
The Reaſon Was, I take it, that, as he aſſured 
me, be always taok great Care to avoid the Sha- 
king of my Frame; which Frame tho it 
much avoided the flower and Oſcillation 
of the Ship, yet made a quicker but leſſer Of 
cillation ir ſelf: Which Fault I was ſufficiently 
ſenſible of juſt before the Ships were going away , 
but was not able then to obviate ; as I am pre- 
pared to do hereafter.After Captain Ben had made 
and ſent me theſe Obſervations, he purſued his 
Voyage to Barbados , and thence to Charles Town 
in South Caralina; at both\which Places be made 
Obſervations z' bur the. beſt at Barbados. For 
before he came to Carolina, he obſerved the Axis 
of the Needle to ſhake ; which made him take 
the Dip there otherwiſe than he ought to have 
done ; which is the natural Occaſion that the Di 
there did not ſo well agree to Analogy as the r 
However, upon my Receipt of his firſt Journal, 
with the Four firſt Obſervations, eſpeciaily the 
exact one at Boſton, I formed a more exact Theo- 
ty of the Proportion of the Alteration of the Dip 

in the Spherical Magnet of the Earth; and found 
it at this Diſtance of the Earth's Surface, not fut 
from that in my Sphetical ee e | 


. 


[86] 
ſtance of about 18 of an Inch ſtom its 
Surface; vis. Not exaltly as the Line of Sines, 
where at the Middle of tha Line the | Angles are 
60 and 30 bur rather as 66 10 24. Which Rule 
therefore is what I now propoſe as much nearer 
than the other. By which Proportion 1 determi- 
ned long © before-hard the Dip at Barbados of | 
43% or 44%, as many of my Friends can 
witneſs: Aud when Captain Beal delivered — | 
the Payer of this Obſervation at Basbudos, before 
L opuned it, or in the leaſt knew what Dip it 
contain d, 1 forerold to him from that Theory 
the very ſame Dip, which both himſelf and h 
Papet immediately aſſur d me. to be true; and 
whoſe Truth, as he igform'd me afterwards, was 
confirm'd by another Obſervation, mage” a Uetze : 
W in the open Sea, of about TY 0 


.Capuin Tempeſi 4100 about the Ge 
ſet out for Aufegoa and St. Chriſtopher's" with the « 
| ied laſt Fore a oe 5 | 
r 2 y com 
Shaking in Frame and 10 
| how 1 eine 


# 


Propoſes an 
avoided : Which Mechad 
Avoidance — had long before thought of, and ph 
vided for accordingly.4- and which has been 
a full Lear ready for * * . 
Obſervations of his, that I have 3 — 
ceived; ſot I have not heard from him fince Fe 
nuary, but hope ſoon to here farther; were but 
Three, and all at open Sea; and but one of them 
made both the Ways that I deſired: And, indeed, 
ſeem the leaſt agreeable to Analogy of any of the 
reſt: -- Only fince that ſingle Obſervation, Which 
was alſo made by the hortzental Vibrations and 
8 Glattes, i ate y- well to that Ana- 
1267 $1 tince rhey dare about / 2 
9. Uan- 


P : - 
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2 „ as 


Mater, and, was then, Paſtot of Altera, cloſe by 


[ 37 J 
Quantity of 8 or 9 Degrees exceed that 3 
and ſince very near the fame Place,wbere the third 
Obſervation was made, I have a double Obſerva - 
tion of Captain Bee/'s to correct therſame ;(I ta- 
ther conclude, that Captain Tempeſt made à Mi 
ſtake, and placed the wrong: Edge of the Needle 
upward. in all the Three Obſervations: Which 
would naturally occafjon fuch-a Difference: When 
I. receive the reſt gf his Qbſervations,or his 
e 1 ſhall be able to judge berter e 
ee — 
* Wl - d 
che Di þ a5 you go nearer to rite Ru. 
| 255 Thor as they Rand -2t- preſent, they de not 
the acrurate Proportion of tint my 
ma — 
i eo 


walls cho nar: 1711 09 loft. 
| " Captain Michel alſo, 1 alter the: Ame 
for Hambaggh wich the ſame Inſtrument; though 
now, without the Fume, dich üs va or 
a 4 10 to incumber bimſel f with and 
. Contrivarice it did more hott 
| Nicety of the EX * 1 alſo 
by * Letter to the Reverend Mr Bre- 
bard; ho was the of my ſtadying this 


Hanbugh\ defiring that be would there make 1 
the Experiment very exactly, and give me a pat- | 
8 ner . l have! dot 8 1 
ceived his f at „ 


Fee e * 
a5 thoſe many others] had by me before; de ſeem ; 
nn, aura to afford us fie follow- 


Er). Thar there, is ove Spherkal LoadNone; and | 
but aur in e Earth +a hart 


| T3 - 
Leadftone, like other Spherical Loadſtones, has 
hut one Northern Pole: Contrary to Dr; Halley's 
* (2) That this Northern Pole is ſituated, con- 
| trary to the ſame Hypotheſis alſo, a great Way 
of our Mer 28 1 


to the Eaſt eridian-: And indeed, as 


| before had determined, about the Middle of the 


Diſtance between the North Cape and Nova Zen-. 
Bla. Captain JFolly's' numerous Obſervations 
prove this moſt fully: While in Sailing towards 


that Point his horizontal Vibrations greatly in. 


creas d in Number: And when he turned almoſt 
at right Angles, as he went down to Archangel, 


they ſoon diminiſned; and yet ſo little, aſter ſome 


* that it was evident he then failed not far from ' 
a Parallel to that Northern Pole; aud not very 
many Degrees from it neither; exaMy accord ing 
to my Expecta tions. 

(3) That the abſolute. Power of the internal 
Magnet is conſiderably different in different Pla- 


* ces 3 and that without any certain Rule; as ir is 
upon the Surface of our Terre/le or Spherical 


Loadſtones here. This the variòus Number of Se- 


conds to a vertical Oſcillations and all the Accounts * 
Werle 


in the othet Obſervations prove; by 
uence this muſt cauſe different Variations 

55 ent Places, as is the Caſe of our Ter- 

relle. ' 87 % fetter 


(4) That there no where uppeats in open Ses 
ſdme- 


„any ſuch Irregularity in the Dip, as 
times meet with near Shores, or at Land; and by 
conſequence that Dr. Halley's Objeftion 
_ againſt the Diſcovery of the Longitude by the 
Dipping-Needle, taken from an Obſervation of 


his own, concerning ſuch an Irregularity near the 


Shore at Cape Verd ; and from his own the-. 
fis of the four Magnetick Poles is oy e 


SF ZS Dee g bo fh oy tb 3, we 7 woe, we a 
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